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Objectives: to present the first 100 consecutive endograft implantations for abdominal aortic aneurysms (AAAs) in
Norway.
Design: retrospective study of 100 consecutive graft implantations, performed at five University Hospitals during 1995
to 1997.
Material: one hundred patients with a median age of 70 years were included. In all patients the VanguardÒ modular
system (Boston Scientific Corp.) was used. Ninety-four of the 100 patients were treated under regional anaesthesia. A
completion angiography was done to evaluate the position of the graft and whether endoleaks were present.
Results: two patients died within 30 days, one due to cardiac insufficiency and another due to haemorrhage during the
procedure. There were four early conversions to open repair. At discharge eight patients had an endoleak, while retrograde
flow into the aneurysmal sac was observed in four patients.
During the follow-up period one conversion to open repair became necessary due to graft migration. Four late leaks
were all repaired successfully using endovascular techniques. Five cases of retrograde filling were detected and embolisation
with coils was performed in two cases, while three were observed. Seven graft-limb occlusions occurred during the follow-
up period and four of these required treatment.
Conclusions: endovascular AAA repair should be regarded as an experimental treatment, although the short term results
are promising. Close follow-up of patients with CT scans or arteriography is necessary.
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Introduction treatment was the same as for open repair and based
on the diameter of the aneurysm (usually 5 cm or
larger) and the clinical status of the patient. The medianIn Norway, the endovascular treatment of abdominal
aneurysmal diameter was 55 mm (33–82). The smallestaortic aneurysms (AAA) began in February 1995 and
aneurysm was of the saccular type. According to theis now used in five University Hospitals. The purpose
Eurostar classificaion,1 15 aneurysms were categorisedis to present our first 100 consecutive endograft im-
as type A, 62 as type B, 18 as type C and 5 as type D.plantations for AAA. Special reference is made to the
Eighty-nine of the patients were men and the medianorganisation of this activity and to the occurrence of
age was 70 years (49–84). The number of patientscomplications.
operated at the various hospitals is shown in Table 1. In
Norway, we have adopted the policy that experienced
units introduce the procedure to new centres, and that
Material and Methods for the early implantations an experienced surgeon or
radiologist should be present.
During the period February 1995–December 1997, 100 In this series there were two patients who were unfit
patients with AAAs were treated using endovascular for open operation. One patient had been rejected
techniques. In general the indication for endovascular for conventional surgery, but was treated with the
endovascular technique for an 82-mm abdominal an-
eurysm which had expanded 2 cm in diameter during
* Please address all correspondence to: J. Lundbom, Department
the previous 2 years. He had inoperable angina, anof Surgery, University Hospital of Trondheim, 7006 Trondheim,
Norway. ejection fraction of 26% and reduced renal function
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Table 1. The number of patients treated with endovascular AAA operation. These two patients were the ones initially
repair at the various hospitals. considered as unsuitable for conventional repair.
Patients The procedure was performed as planned in 96
patients while immediate conversion to open surgery
University Hospital of Trondheim 41 became necessary in four. One case is detailed above.Haukeland University Hospital, Bergen 23
Aker Hospital, University of Oslo 19 In a second patient the endoprosthesis dislodged dur-
National Hospital, University of Oslo 11 ing the procedure and in two others it was impossible
Ulleva˚l Hospital, University of Oslo 6 to advance the introducer system due to calcified iliac
Total 100 arteries.
At discharge from the hospital eight patients had
an immediate primary endoleak.4 Five of these were
repaired by endovascular technique while three healedwith a preoperative creatinine value of 618 lmol/l.
spontaneously at 1, 3 and 6 months. The patients haveAnother patient was on dialysis and needed treatment
been followed for 12, 15 and 36 months respectivelyfor an expanding AAA.
and there have been no signs of recurrent endoleak inIn all patients the VanguardÒ (Boston Scientific
any of these patients. Four additional patients hadCorp.) or previously StentorÒ System (MinTech, Ba-
retrograde filling of the aneurysmal sac throughhamas) was used.2 The selection of graft size was
lumbar arteries or the inferior mesenteric artery. Threeperformed on the basis of measurements performed
of them have been followed without intervention,on preoperative CT scanning and aortography with a
while embolisation of the inferior mesenteric arterygraduated catheter was also used to evaluate whether
with coils was performed in one.the patient was anatomically suitable for endovascular
Late complications (>30 days) during the follow-uprepair. The diameter of the main body of the prosthesis
period are shown in Table 3. One late conversion tovaried from 22 to 30 mm.
open surgery became necessary due to migration ofNinety-four of the patients were treated using
the implant. Four late leaks have been detected andregional anaesthesia.3 A spinal block was made at the
they were all treated successfully by endovascularL3–L4 level by injection of bupivacaine 4 ml of a 5 mg/
technique. Five patients had retrograde filling of theml solution. An epidural catheter was placed at the
aneurysmal sac and two of them were treated byL2–L3 level for supplementary doses of bupivacaine
embolisation with coils, whereas three have been ob-as necessary. Arterial blood pressure and ECG were
served. Graft-limb occlusion occurred in seven patientscontinuously recorded. The main part of the prosthesis
and in three of these femoro–femoral bypass becamewas implanted through an arteriotomy in the common
necessary due to intermittent claudication. In onefemoral artery on one side and the contralateral limb
patient the blood flow through the graft limb waswas introduced percutaneously using a 10-French in-
restored by thrombolysis.troducer system. At completion of the procedure the
epidural catheter was removed in most patients and
they were transferred to an intermediate care unit.
In general, the patients were mobilised on the first
Discussionpostoperative day.
The median follow-up period was 8 months with a
The follow-up period of this series is too short to allowrange from 0 to 32. For all patients follow-up ex-
conclusions to be made regarding the long term roleaminations were performed 1, 3, 6 and 12 months after
of this new technique. There are, however, attractiveintervention. These examinations consisted of CT scans
elements of the method, e.g. short hospital stay andor angiography.
minor trauma compared to open surgery.5–7 The early
mortality rate of 2% in the present material is prom-
ising and the early deaths included two patients who
were regarded as unfit for open surgery. In the lightResults
of our present experience, however, we would still
recommend endovascular repair in these two cases,There were two early deaths (<30 days) (Table 2). One
died on the second postoperative day from cardiac based on their clinical condition and the arteriograms,
since it was felt that rupture of the aneurysm wouldfailure following a technically successful procedure.
The other patient died from haemorrhage following have occurred in the near future without treatment.
In general it is unnecessary for the patient to stayinjury to an iliac vessel during the procedure. The
patient succumbed despite conversion to an open in an intensive care unit.
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Table 2. Early complications (<30 days) following 100 endovascular pro-
cedures for AAA.
Mortality 2
1 intra-operative haemorrhage
1 cardiac and renal failure
Conversion to open surgery 4
2 stenotic vessels
1 graft migration
1 haemorrhage
Endoleak 8
5 endovascular repair
3 spontaneous healing
Retrograde flow 4
1 coiling
3 observed
Emboli 0
Table 3. Late complications (>30 days) following 100 endovascular procedures for
AAA.
Conversion to open operation 1
1 migration
Endoleaks 4
All repaired successfully with endovascular
technique
Retrograde filling of the sac 5
2 coiling
3 observed
Graft limb occlusion 7
3 fem–fem bypass
1 thrombolysis
3 observed
Disadvantages of the method are the early and late equipped with modern angiographic equipment. A C-
arm gives inferior image quality in large patients andcomplications such as endoleaks, retrograde filling of
the aneurysmal sac, graft dislodgement and graft limb therefore in some centres the decision has been taken
to perform these procedures in an angiographyocclusion. This necessitates close follow-up of the
patients and a significant number of secondary repairs. laboratory with optimal fluoroscopy equipment, pro-
vided the laboratory is located near the operatingThe follow-up includes repeated CT-scanning and ar-
teriography, which is inconvenient for the patient and department. However, the patients must be prepared
for open surgery and all the necessary equipment mustadds to the cost of the treatment.8 However, both
early and late complications also occur following open be available, in case conversion to an open operation
becomes necessary.surgery for AAA.9 A high incidence of false aneurysms
has been reported following open AAA repair, al- So far endovascular AAA repair has been limited
to the University Hospitals, and mainly elective en-though the clinical significance of some of them may
be debatable.10 Both graft infection and aortointestinal dovascular AAA is performed at the present time. An
implication could be that relatively more complicatedfistula have been reported following open as well
as endovascular surgery, but the incidence of these aneurysms (e.g. juxtarenal aneurysms necessitating
clamping above the renal arteries) are left for opencomplications cannot be evaluated given the short
follow-up period of endovascular repair.11 surgery. Thereby the caseload of open AAA repair for
training surgeons could decrease in the long term. IfThe endovascular treatment of AAA is a technically
demanding procedure with a relatively long learning endovascular AAA repair becomes a routine pro-
cedure, one could argue that this treatment should becurve. Extensive experience is necessary to cope with
the technical aspects and complications that might decentralised to community hospitals. A prerequisite
is, however, a high standard of surgical skill, of inter-occur during and immediately after the procedure. We
stress the importance of teamwork between surgeon, ventional radiology and anaesthesiology. Currently,
this treatment must be regarded as experimental untilradiologist and anaesthetist. Preferably, the operations
should be performed in an operating suite fully more experience is accumulated. We presume that a
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anaesthesia for endovascular treatment of abdominal aortic an-certain number of procedures per year is necessary to
eurysms. J Endovasc Surg 1997; 4: 56–61.obtain sufficient quality and to gain sufficient ex- 4 White GH, Yu W, May J. ‘‘Endoleak’’ – a proposed new ter-
minology to describe incomplete aneurysm exclusion by anperience for the treatment of complications which may
endoluminal graft. J Endovasc Surg 1996; 3: 123–125.occur during and after implantation.
5 Parodi JC, Palmaz JC, Barone HD. Transfemoral intraluminalThe mortality and complication rate of the present graft implantation for abdominal aortic aneurysms. Ann Vasc
Surg 1991; 5: 491–499.material is similar to the experience from other
6 Parodi JC. Endovascular repair of abdominal aortic aneurysmscentres.12–15 Late endoleaks are a concern because of
and other arterial lesions. J Vasc Surg 1995; 21: 549–557.the presumed risk of expansion and rupture. However, 7 Volodos NL, Carpowitch IP, Trojan VI et al. Clinical experience
of the use of a self-fixing synthetic prosthesis for remote pros-the clinical significance of retrograde filling of the
thetics of the thoracic and the abdominal aorta and the iliacaneurysmal sac through lumbar arteries and the in-
arteries through the femoral artery and as intraoperative en-terior mesenteric artery still remains controversial. It doprosthesis for aortic reconstruction. VASA 1991; 33 (Suppl.):
93–95.is our policy to follow these patients closely. If the
8 Brewster DC, Geller SC, Kaufman JA et al. Initial experiencediameter of the aneurysm is unchanged or decreasing,
with endovascular aneurysm repair: comparison of early resultsthe patient is followed further. If there is an increase with outcome of conventional open repair. J Vasc Surg 1998; 27:
992–1005.in the size of the aneurysm, we feel that occlusion of
9 Akkersdijk GMJ, van der Graaf Y, Moll FL et al. Complicationsthe feeding vessel should be performed. Other con-
of standard elective abdominal aortic aneurysm repair. Eur Jcerns are anterior angulation of the prosthesis and Vasc Endovasc Surg 1998; 15: 505–510.
10 Wandschneider W, Bull PH, Denck H. Anastomotic an-graft limb occlusion.16
eurysms – an unsolvable problem. Eur J Vasc Surg 1988; 2:In conclusion we feel that endovascular AAA repair
115–119.is feasible and can be performed with an acceptable 11 Norgren L, Jernby B, Engellau L. Aorto-enteric fistula caused
by a ruptured stent-graft: a case report. J Endovasc Surg 1998; 5:short term complication rate. However, the method is
269–272.not without problems and the patients need to be
12 Blum U, Voshage EG, Lammer J et al. Endoluminal stent graft
followed closely due to the risk of late endoleak, for infrarenal abdominal aortic aneurysms. N Engl J Med 1997;
336: 13–20.retrograde filling of the aneurysmal sac, graft dis-
13 Chuter TAM. Straight and bifurcated endovascular grafts forplacement and graft limb occlusion. The technique
infrarenal aortic aneurysm repair. In: Chuter TAM, Donayre CE,
must be regarded as experimental until more ex- White RA, eds. Endoluminal Vascular Prosthesis. Boston: Little
Brown, 1995: 55–80.perience is accumulated. Excellent co-operation be-
14 Broeders IAMI, Blankensteijn JD, Gvakharia A et al. Thetween surgeon, radiologist and anaesthesiologist is a
efficacy of transfemoral endovascular aneurysm management: a
prerequisite for a successful implantation.17 study on size changes of the abdominal aorta during mid-term
follow-up. Eur J Vasc Endovasc Surg 1997; 14: 84–90.
15 Chuter TAM, Wendt G, Hopkinson BR et al. European ex-
perience with a system for bifurcated stent-graft insertion. J
Endovasc Surg 1997; 4: 13–22.
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